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Phytohemagglutinin (PHA) isolated from the seeds of the red kidney bean Phaseolus vulgaris 
consists of a tetramer of subunits E and L, and five different compositions of PHA have been 
identified, i.e., E4, E3L1, E2L2, E1L3, and L4. This lectin possesses an agglutination activity 
against red blood cells as well as a mitogen activity against lymphocytes, and subunits E and L 
appear to be responsible for the former and latter activities, respectively. P. vulgaris PHA has the 
potential as an agent against viral infection. Lectins isolated from the family of P. vulgaris beans 
exert inhibitory effects on the reverse transcriptase of human immunodeficiency virus in vitro. 
However, the antiviral activity of P. vulgaris PHA has not yet been demonstrated in vivo. The fruit 
fly Drosophila melanogaster has been widely used in research to elucidate the underlying 
mechanisms of self-defense systems. In addition to the availability of robust genetic approaches, the 
small size of Drosophila allows us to utilize a large number of flies in each experiment, which in 
many cases results in accurate and reliable data. Despite size differences, the organization of a 
genome is very similar between humans and Drosophila, and a number of Drosophila models of 
human diseases exist including infectious diseases, diabetes mellitus, and cancer. Furthermore, 
similarities have been identified in antiviral mechanisms between humans and Drosophila. 
Therefore, I used Drosophila as a host for viral infection in order to elucidate whether P. vulgaris 
PHA exhibits antiviral activity in vivo. 
 
I first examined whether the procedures for feeding flies 
with lectin allowed flies to take lectin into the digestive 
tract. Male adult flies of the fly line w1118 were fed 
fluorescence-labeled PHA-L4, which had been dissolved 
with water and adsorbed by filter paper placed in a fly vial. 
When the digestive tracts of these flies were examined 
under a fluorescence stereomicroscope, fluorescence 
signals were clearly detected in the midgut, indicating a 
success of the oral administration of flies with lectin. 
 I then investigated the effects of PHA-L4 on the 
survival of flies after the abdominal infection with 
Drosophila C virus (DCV), a non-enveloped 
positive-strand RNA virus known as a natural pathogen of 
Drosophila. Adult flies were fed lectin, subjected to a fatal 
infection with DCV, and analyzed for survivorship. Lectin 
feeding 
extended the 





of 1.2–6.0 µg/ml 
and delayed the onset of fly death (Figure 1). The results obtained from repeated experiments 
	 
Figure 1.  Effect of PHA-L4 on survival of 
DCV-infected flies. The data were 
analyzed by Log-rank test. 
	 
Table 1.  Timing of fly death. Hours post-infection when flies start to die (Onset) and all flies 
are dead (Extinct) after infection with DCV at two different doses are shown. 
	 2 
revealed that PHA-L4-treated flies started to die approximately 10 h later and lived 10 h longer than 
control unfed-flies (Table 1). In order to confirm these effects of PHA-L4, I carried out an infection 
experiment at a 10-fold lower dose of virus and found a similar protective effect against DCV 
infection. 
 I next investigated the level of a viral load in flies after viral infection at two different 
doses (Figure 2). In flies infected with DCV at a higher dose, lectin reduced the level of a viral load 
during 30–42 h post-infection, a period 
when the viral level reached its maximum. 
In contrast, an increase in the level of a viral 
load was inhibited at earlier time points, 12–
24 h post-infection, in flies administered 
with a lower dose of virus. The inhibition of 
DCV growth by PHA-L4 appeared to occur 
well before the onset of fly death, 
irrespective of the initial level of the viral 
load (refer to Table 1). Feeding with 
lectin might alter the antiviral status in flies. 
Both humoral and cellular immunity play 
roles in the protection of flies against viral 
infection. Therefore, I compared the 
amounts of the mRNAs of antimicrobial 
peptides, for humoral immunity, and 
phagocytosis receptors, for cellular 
immunity, in adult flies with and without 
PHA-L4 feeding by reverse 
transcription-mediated PCR. The data 
indcated that the levels of the mRNAs of 
some antimicrobial peptides were 
marginally raised in lectin-fed flies. In 
contrast, the mRNA levels of Draper and 
integrin βν, receptors responsible for the phagocytic elimination of DCV-infected cells in flies, 
dramatically increased after lectin feeding (Figure 3). These 
results suggest that PHA-L4 enhances the phagocytosis of 
DCV-infected cells in flies. 
 
Pre-feeding with P. vulgaris lectin extended the survival 
period of Drosophila adults after an infection with DCV. 
This is, to my knowledge, the first to show the antiviral 
effects of this type lectin in vivo. Antiviral actions 
accompanied by a decrease of the viral load suggest that P. 
vulgaris lectin enhanced fly resistance, not tolerance, 
against virus. An increase in the level of the phagocytosis 
receptors Draper and integrin could be a mechanistic 
interpretation of the antiviral actions of P. vulgaris lectin. 




Figure 2.  Changes of viral load in flies with and without 
lectin feeding after infection with DCV at high (top) and low 
(bottom) doses. The data were analyzed by Student t-test, 
and p values greater than 0.05 are indicated. 
	 
Figure 3.  Effect of PHA-L4 on the levels 
of mRNA of phagocytosis receptors. rp49 
mRNA was examined as an unchanged 
internal control. The data were analyzed 
by Student t-test 
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flies was demonstrated, I speculate that lectin did not enter the body across the wall of the tract due 
to the peritrophic matrix, which serves as a 
barrier. Therefore, it is likely that the 
antiviral effects of P. vulgaris lectin are 
exerted indirectly, not through a direct 
interaction between lectin and virus or 
immune cells. Lectin could stimulate 
epithelial cells of the midgut, leading to the 
activation of immune cells (Figure 4). 
Further investigation is required for the 
clarification of the actions of P. vulgaris 
lectin to protect Drosophila from DCV 
infection. 
 In conclusion, P. vulgaris lectin 
was shown to exhibit a protective activity 
against viral infection in Drosophila by 


















	 インゲン豆由来レクチンの抗ウイルス作用については、これまで in vitro実験での報告が
あるのみであった。本研究により経口投与されたレクチンの抗ウイルス効果が個体レベル
で実証された。ショウジョウバエとヒトではウイルス感染への応答を含めて免疫応答の類
似性が知られており、同レクチンの抗ウイルス効果はヒトでも発揮される可能性があり、
新しい医薬品開発の可能性も期待される。本審査委員会は、研究成果の新奇性および口頭
発表会における学位申請者の発表と討論の能力を考慮して、当該学位論文は博士（学術）
に値すると判定した。 
 
